Using data from Medellín, second largest city in Colombia, we asses in this paper how a set of neighborhood characteristics determines wages and labor supply for workers in the city. We use GIS data to construct measures of the quality of environments where workers live. This paper focuses in the impact in labor supply and wages of the following set of characteristics: availability of public transportation, crime levels and density of economic activity. The empirical methodology consist of the estimation of linear equations for wages and worked hours, and we control for the selection of individuals into the neighborhoods they are observed. In order to do this we estimate in a …rst stage a probabilistic model of neighborhood selection from which selection correction terms are obtained; these correction terms and included in the linear equations for wage and worked hours in a second stage. In addition, we control for sample selection as well.
Introduction
One of the most distinctive elements that characterize Colombian cities, and in general cities in LatinAmerica, is the existence of considerable levels of spatial segregation. By spatial segregation in this paper we mean the existence of a clear division of the cities into big clusters of good quality and bad quality neighborhoods. The consequences of this type of city con…guration is a topic that have been studied by the literature on labor economics and urban economics. One of the main branches of the literature in this type of issues is the one that study the "spatial mismatch hypothesis." Broadly speaking this hypothesis states that de…cient labor outcomes are partly the result of excessive separation between individuals and workplaces (Brueckner y Zenou, 2003) .
More generally, it may be possible that spatial segregation of individuals in a city causes de…cient wages and labor supply. On one hand, in segregated environments a portion of the population may be excluded from labor opportunities or networks where information on available jobs is exchanged.
This type of isolation may cause an increase in economic costs associated to participation in the labor market (Weinberg et al, 2004) . On the other hand, there is a set of reasons discussed in the literature to link segregation and wages. These reasons go from scarce accumulation of human/social capital in bad communities (Altonji and Mans…eld, 2011) to possible discrimination against workers coming from bad neighborhoods (Rathelot, 2009; Dickerson, 2008) .
Spatial segregation implies heterogeneity in neighborhood quality. Usually, isolated individuals live in low quality neighborhoods. In this paper we de…ne quality in terms of the neighborhood characteristics, these characteristics are factors that may increase the cost of being employed or a¤ect the accumulation of social and human capital and by these ways a¤ect wages. This paper seeks to estimate the impact of neighborhood quality on labor supply and wages, using a representative sample of individuals in Medellín (second largest city in Colombia with a population of 3.5 million in the metropolitan area). The quality of the neighborhood is de…ned in terms of three main characteristics:
(1) homicides in the neighborhood, (2) the density of economic units (business) in the neighborhood, (3) the distance to the nearest station of the massive transportation system of the city. The de…nition of neighborhood we use is the census tract polygons; these units are the building block of the census in Colombia and they are relative small areas for which census information is representative.
Literature Review
One of the …rst studies that explores the Spatial Mismatch hypothesis was Kain, J. (1968) , in this paper the author proposes the existence of a relationship between segregation in the housing market and the poor results in labor outcomes of African Americans; the paper showed evidence of the negative e¤ects of segregation on the unemployment rates for African-Americans in Detroit. In economics and other social sciences there is a research line in topics related with the spatial Mismatch hypothesis, reader may refer to Holzer (1991) y Ihlanfeldt (1998) for a comprehensive review of the literature in this …eld.
There is some empirical literatures that seek to identify relationships between quality of the neighborhood and labor supply, a good example is Weinberg, Reagan, Yankow, (2004) . In their paper these authors estimate a labor supply function speci…ed in terms of some neighborhood characteristics. Weinberg, Reagan, Yankow, (2004) is able to assess the hypothesis that the density of jobs in the neighborhoods is a factor that increases the individual labor supply. Some other papers look at the e¤ect of community-neighborhood characteristics on wages (Altonji and Mans…el, 2011; Cheng, 2012; Rathelot, 2009; Dickerson, 2008) . This former set of papers shares the idea that wages can be explained directly or indirectly by the environments where individuals live or have lived during their lives.
The channels through which the relationship between residential environments and wages may take place are diverse. One possible channel is that environments may alter the process of individual accumulation of social and human capital (Cheng, 2013) . Another channel is that employers may discriminate against workers living in particularly areas that can carry the burden of bad stereotypes (Rathelot, 2009). One example of this type of stereotypes is that people may think that residents of some neighborhoods can be dangerous or cannot be trusted. In recent literature this type of discrimination has been named as redlining. Reader may …nd deeper exploration of redlining models in Zenou and Boccard (2000) or Zenou (2002) . In addition to these explanations, the "spatial mismatch" hypothesis o¤ers a reasonable link between low quality neighborhoods and low wages. Excessive distance between workers and jobs may a¤ect negatively their labor performance, and this is an argument that can be extended to other bad neighborhood characteristics.
Theoretical Framework
The main ideas of this research can be represented in a simple static labor supply frame, where individuals get utility from the quality of the neighborhood where they live. A common practice in the literature of implicit prices (Rosen, 1974) is representing a good as a con…guration of its characteristics.
We represent a neighborhood in the city as a vector z = fz 1 ; z 2 ; :::; z n g ; where each z i , i = 1; 2; ::n represents a neighborhood characteristic. To simplify the notation lets assume that all the variation in these characteristics can be summarized in a index z 2 [0; 1] ; where z = 0 represents the lowest quality level and z = 1 represents the highest neighborhood quality.
Individuals in this framework get utility from leisure l, the quality of their neighborhood z and a generic consumption good c. Neighborhood quality is included in the utility function because individuals obtain satisfaction of living in better neighborhoods, but also because neighborhood quality may alter marginal utility from leisure. Therefore, the representative individual´s utility function can be represented as:
The budget constrain is standard, it includes a labor cost parameter for those individuals who work. Labor cost are a function of neighborhood quality. This represents the fact that most e¢ cient transportation systems or the proximity to business clusters, among other characteristics, may reduce the worker´s transportation expenditures. Other characteristics of the neighborhood may also alter the costs associated to the decision of working (living in a good neighborhood reduces the expenditures in individual´s security for example). The budget constrain can be represented as:
Where w (z; x) represents wage, which in this framework is a function of individual characteristics x as education and experience, and it is a function of neighborhood quality z: This way of specifying wage is supported by all the literature that establish an e¤ect of segregation and residential environments on individual earnings (Zenou and Boccard (2000) , Zenou (2002) , Altonji and Mans…el, 2011; Cheng, 2012; Rathelot, 2009; Dickerson, 2008) . In addition, a (z; x) represent labor cost for individuals who work.
They are also function of neighborhood quality z and individual characteristics x: It is assumed that better neighborhood quality reduces the labor cost because it implies better transportation systems, no additional expenditures in individual's security, etc. Therefore, it is assumed that a < 0 y a > 0. In addition, p z is the average price of an additional unit of neighborhood quality y v represent non labor income. Al prices are relative to the price of the generic consumption good c: Individuals distribute their time T , between work (h) and leisure (l), therefore T = h + l. The problem that individuals solve in this framework is maximizing (1) subject to de restriction represented by equation (2) and the restriction time. From this process the individual obtain optimal consumption for leisure (l), consumption good (c) and neighborhood quality (z) :
Data
The data used in this analysis comes from di¤erent sources of information: (1) the Medellin's household living conditions survey or HLCS (Encuesta de Calidad de Vida -ECVM-), (2) the city´s map information updated by the city planning department, (3) homicides records from the National Police and (4) the administrative information of childcare institutions supplied by the local government. The HLCS is an annual survey that interviews about 20.000 households in 20 "comunas" of the city (16 in the urban area and 5 in the rural area) and the survey is representative to this level of disaggregation.
One of the advantages of this paper is that all the households available in the HLCS are georeferenced and it is possible to identify the exact geographical area where most of the households are located, which is crucial to know the characteristics of individual's neighborhood. In this study we de…ne a neighborhood as a small area within the city with a relative small population. In that sense, we use the 243 census tracts of the city, which account for 9090 inhabitants each one (on average). The
Census Tracts are small areas with enough demographic information to characterize each one of them.
Another geographical division that is important to de…ne is the "comuna" which are much larger than the Census Tracts and grouped several of them. In this study we use several variables geographically de…ned. In order to generate these variables, we use georeferenced information on metro stations, information on the location of economic units in the city (formal business dedicated to private or public economic activities), and georeferenced information on murders in the city 1 . In addition, in order to construct some exclussion restrictions for the sample selection equation, we use georeferenced information on public childcare providers in the city 2 .
Policy Variables Measurement
The impact variables have been built using a methodology that considers the geographical location of the individual relative to the neighborhood's characteristic of interest. The access to the transport system is measured through the distance in meters from the individual´s residence to his/her nearest metro station or any station of the massive public transportation system in the city. In the case of the density of business and the crime index, gravitational indexes are built using the inverse of the distance between the individual´s residential location and the characteristic of interest. In the case of business, the index can be expressed in the following way:
In the last expression, A i is the density index of economic activity for individual i. In regards to the variable for homicides, in addition to weighting by the inverse of the distance, we also weight by the inverse of the time transcurred between the occurrence of the homicide and 2012.
Therefore, an expression for the density of murders for individual i; H i ; is computed in this paper using this formula:
(H) 1 We use data collected by Intelligence department of National Police, where all murders in the city are recorded with the address where it happened. Then, using the address we georefereced each murder. 2 We use information provided by Good Start Program. This is a big public childcare program in the city that collects information on most of the public childcare providers.
Spatial Distribution of Some Neighborhood Characteristics
Figure (2) shows the spatial distribution of some relevant neighborhood characteristics. This is useful in order to have an idea of the composition of the city in terms of good and bad neighborhoods.
The legend of each map is presented Appendix C. The …rst map shows the area of in ‡uence of the massive transportation system in the city. This is the set of metro stations, bus stations that feed the metro system, and metro-cable stations (cable air corridor). The area of in ‡uence is de…ned around one (1) kilometer of radius from the center of the station. In this map one can see how the massive transportation system covers most of the city. The reader can have an idea of the characteristics of this area of in ‡uence of the transportion system by comparing this map with other maps in …gure 2.
For example, the areas where the average rent is higher (south-east in map 6) the transportion system is lacked. 
Metodology
There are three estimable equations that would be derived from the economic optimization process sketched in section number 3: an equation for the optimal labor supply, a wage equation, and a residential location demand equation 3 . The main purpose of this paper is the estimation of the unbiased e¤ect of some neighborhood characteristics in the …rst two equations, which can be represented by the following expressions:
Where h is represents the hours worked by individual i, which is observed living in neighborhood s: In addition, w i represents the hourly wage of individual i. The matrix X i contains individual's characteristics, the matrix Z s contains characteristics of the neighborhood s. The interest of this study is the estimation of parameters in vectors , they describe the impact of neighborhood characteristics on labor supply and wage.
Self-Selection into Neighborhoods Bias Correction
A possible source of bias in the estimation of equation (3) and (4) is that individuals choose the neighborhoods where they live. This can be seen as a selection process which can bias the coe¢ cients in (3) and (4), especially those ones in vectors : The bias would take place if this self-selection into neighborhoods process is driven by unobserved factors that are correlated with perturbation terms " i : In order to control for this selection process, we estimate generalized selection models. This methodology allows specify a selection equation for any possible neighborhood in the city (census tract) using discrete choice selection models. There are several alternatives in the literature for the estimation of generalized selection models, reader may …nd a survey of the alternatives available in the literature in A reasonable hypothesis is that, at least partially, errors in equation (3) and (4) The part of our model that explain the process of selection into neighborhoods is in its own right a model of residential location demand, where rational individuals choose the neighborhood that maximize their utility level. The level of utility associated to each alternative is a latent variable in a discrete choice model, in our case a conditional logit.
This study assumes that the individual i chooses a place to live from a set S = fs 1 ; s 2 ; :::s k g, where each of the elements of the set S represents a neighborhood of the city. In particular, each of the neighborhoods is de…ned as a census tract of the city. Assuming that each individual i derives an utility level y is from choosing the neighborhood s, this level of utility is modelled as a linear function in the parameters as follows:
where x i;l represents the l-th characteristic of the individual that is interacted with each of the elements in the z vector. The whole term P l [x i;l z s ] contains the interactions between the characteristics of the s choice and the individual variables x l of individual i. The vector I includes the coe¢ cients of these interactions. This is important because it is a way to increase the heterogeneity of the utility associated to each alternative. In this way the marginal utility of a particular neighborhood characteristic depends on the individual´s characteristics i. Notice for instance that the availability of public transportation or another amenity would provide di¤erent utility to di¤erent households according to their demographic characteristics (i.e., income, household composition, etc).
By assuming that u is follows a Gumbel distribution a model of "residential location demand" is derived as a Conditional Logit. This model follows a multinomial speci…cation which is very convenient because there is only one parameter per alternative. This is a especial characteristic of conditional models where characteristics vary by alternative and not by individual. To simplify notation let us call ! is any of the dependent variables of the models that will be estimated (logarithm of monthly wage, logarithm of hourly wage, logarithm of worked hours). For each individual i we are able to observe ! is ; only when the alternative s is chosen. The value of ! is conditional on other alternative being chosen is a counterfactual. The neighborhood s is chosen only when:
Following MacFadden (1974) and under the assumption that the errors u is are Gumbel independent and identically distributed, the probability associated to each alternative follows a logistic distribution that is closed and can be easily computed. Therefore, the probability than individual i choose alternative s can be written as:
The literature proposes di¤erent approaches to produced unbiased estimators of equations (3) and (4) E [" is ju i1 ; u i2 ; :::;
where P ij is the probability of observing an individual i in the neighborhood j: The idea of a multinomial selection model is not restricted to the use of a multinomial logit, there are other models that share the same assumptions about the error distribution of the selection equation.
For instance, when the choice is a geographical location, the conditional logit is very convenient since it allows to model the utility of each alternatives in a tractable and realistic way. There are relatively few studies using selection correction models where the categories of selection are spatial locations.
Up to the knowledge of these authors, there is one previous application of generalized selection models using a conditional logit in the selection equation, the one by Lall and Megistae (2005) . In this paper authors model the location choice of …rms and they also use a conditional logit to estimate the selection equation.
The speci…cation proposed in this study for each of the labor outcomes ! is is as follows:
where probabilities b P ij for an individual i are the predicted probabilities for each alternative of the conditional logit after the parameters of each equation (7) are estimated.
Sampling of the choice set
Even though it is possible to estimate a conditional logit for all the possible neighborhoods in the city (243 census tracts in total), a model with that many alternatives can be di¢ cult to manage. In this paper we follow a common result found in previous literature (McFadden, 1975 ) which shows that under certain conditions, the maximum likelihood function of a model with all the alternatives is equivalent to the one of a model where the set of alternatives is built through a random sampling process.
In the literature, there are several methodologies of random sampling of a choice set; one of the most used is dividing the entire set of alternatives into smaller sets or partitions, and after that selecting randomly one alternative from each partition. The random subset will be formed by a random category from each partition, jointly with the individual's observed choice in the sample. The literature o¤ers di¤erent ways to partitioning the choice set. In this study we use as partitions the "comunas", a geographical unit that groups several census tracts in its interior. In that way the number of alternatives for the estimation of the conditional logit is 20, and the subset of choices is formed by the neighborhood that the individual chose and other 19 alternatives (one for each "comuna" in the city) randomly chosen among the di¤erent census tracts within each comuna.
Selection into Labor Force Bias Correction
In the estimation of wage and labor supply equations there exist also the possibility of sample selection bias since wages and worked hours are observed only for the share of the population that is working.
In order to control for this potential source of bias, we use standard assumptions of the literature in labor economics and estimate our second stage equations as a regular Heckman selection correction model, augmented with the correction parameters of the selection into neighborhood process 4 . The exclusion restrictions we use in the …rst stage equation of the process of sample selection are household variables that we claim to be important determinants of the labor participation, but they are relatively orthogonal to the wage and worked hours. The …rst variable is the density of public childcare providers in the neighborhood, the variable is generated in the same way as other neighborhood characteristics (see section 4.1); an interaction of this variable with the gender dummy is also included. Other variables that describe the household composition in terms of children, and recent childbirths are also included in the sample selection equation as exclusion restrictions.
Results
In this section we present the results of the estimation of equations 3 and 4, and we present a table of summary statistics. All the equations are estimated for a sample of individuals who were at least 25 years old at the time of the interview. In this section we only present the estimation of the second stage equations, as the reader may recall, selection correction factors are generated from two …rst stage equations. The …rst one is an equation of neighborhood selection and another one is a sample selection equation, where the estimation sample is the sample of individuals who have a job. The result of these two former estimations is presented in Appendix B and C, respectively. The …rst estimation in each panel ignores the selection into neighborhood process, and the second present an estimation where we control for the selection into neighborhood process. As reader may recall in this second speci…cation we include 20 selection correction parameters one per each alternative of the choice set that results from the sampling process explained in section 5.1.1. All the selection correction parameters are presented, the parameter lambda is the traditional Heckman sample selection coe¢ cient.
Results of Estimated Wage equations
The …rst estimation of panel [1] , the one with log of monthly wage as dependent variable, show that without controlling for the process of selection into neighborhoods, all three policy variables are signi…cant (10% of signi…cance at least) and with expected e¤ects. Following the intuition of the theoretical framework presented in section 3, one would expect that individuals who lived in low quality neighborhoods will have lower labor earnings. Once we control for the endogenous residential location decision, all policy variable coe¢ cients are smaller in magnitude and the coe¢ cient of the variable distance to metro station is no longer signi…cant. We observed something very similar in the case of log of hourly wage, panel [2] . Without controlling for selection into neighborhoods all three policy variables are signi…cant, but once we control for selection into neighborhoods the magnitude of the coe¢ cients reduces considerable, and only the e¤ect of the density of economic units in the neighborhood remains signi…cant. This set of results is interesting because they tell us that some of the e¤ects that can be interpreted as redlining (discrimination) or neighborhood e¤ects (low human/social capital in some neighborhoods) can be the result of a self-selection e¤ect of individuals into their neighborhoods.
The results of our preferred speci…cation, the one where the selection into neighborhood is modeled, show evidence that the density of business in the individual's neighborhood has a positive and signi…cant e¤ect in the monthly labor earnings, an increment of one standard deviation in the number of business in the neighborhood (as de…ned in section 4.1) increment the monthly wage in 5.4% 5 . This variable is also highly signi…cant when the dependent variable is log of hourly wage (panel [2] ). In this case an increment of one standard deviation in the number of bussines in the neighborhood (as de…ned in section 4.1) raises the hourly wage in 3.7%. There can be plenty of reasons to explain this positive e¤ect, from the literature of mismatch hypothesis we could say that individuals in better neighborhoods are expected to have better wages because they may enjoy the possibilities of enhanced levels of social/human capital in those neighborhoods. This could be also a demand e¤ect, in the sense that higher amount of labor demanders in a physical space may create …rms'incentives to o¤er higher 5 This e¤ect is obtained by multiplying the coe¢ cient by one standard deviation of the variable salaries.
Other variable that is signi…cant in the preferred speci…cation of log of monthly wages equation 
The …rst estimation of panel [3] , the one with log of worked hours as dependent variable, show that without controlling for the process of selection into neighborhoods, the variables density of economics units and density of homicides are signi…cant and with expected e¤ects. As in the case of wage, one would expect that individuals who live in high quality neighborhoods will work more hours. Once we control for the endogenous residential location decision, the coe¢ cients of these variables are smaller in magnitude, but still signi…cant (10% level at least). This results is interesting because is telling us that the e¤ects that can be interpreted as redlining or contextual e¤ects on the individual´s labor supply can be overestimated if the selection into neighborhood process is not taken into account. The preferred speci…cation for the labor supply equations shows evidence that labor supply is sensible to neighborhood quality. An increment of one standard deviation in the density of homicides reduces in almost one percent the number of worked hours. In addition, the density of economic units in the neighborhood has a positive and signi…cant e¤ect in labor supply. An increment of one standard deviation in the density index of business in the neighborhood increment the worked hours in 1.3%.
Control variables in labor supply equations (preferred speci…cation) have expected coe¢ cients.
We …nd negative and signi…cant e¤ects of college degree in worked hours. University/college degree reduced worked hours in almost 11% in comparison with individuals with educational attainment less than high school. This e¤ect can be explained because more educated individuals have good quality jobs with …xed schedules, on the other hand, unskilled workers with low education have informal jobs or need to work more hours given they have jobs with low wage rates per hour. Potential experience increment labor supply in a nonlinear way. Many …xed e¤ects of occupational characteristics and economic sector are signi…cant. Several selection correction parameters are signi…cant as well. In this paper, in an urban context, we model wage and labor supply determination paying especial attention to the individual´s residential location decision. In order to do this we estimate generalized selection models and in this way we are able to control for the possible self-selection into neighborhoods bias. One of the most important conclusions of the paper is that self-selection into residential locations matters, coe¢ cients of variables of interest have smaller impacts once we control for the process of self-selection. Because of these reason hypothesis that naive speci…cations seems to support (productivity e¤ects of transportation means availability, for instance) are no longer supported in our …nal speci…cation.
After controlling for self-selection into residential location, some neighborhood characteristics have still a signi…cant e¤ects in the determination of wages and labor supply. The e¤ect of the density of economic activity (density of business) is signi…cant and robust in all our estimated models, even after controlling for the endogeneity of individual´s location. An increment of one standard deviation in the number of business in the neighborhood raises the hourly wage in 3.7%. Similarly, an increment of one standard deviation in the density index of economic activity (business) increments the worked hours in 1.3%. We also …nd a signi…cant and negative e¤ect of the homicides density on labor supply.
An increment of one standard deviation in the homicides density index reduces individual´s worked hours in almost 1%. 
